The aim of this investigation was to evaluate the association between posterior channel benign paroxysmal positional vertigo (BPPV) and trauma that is frequently experienced by American football players.
INTRODUCTION
Benign paroxysmal positional vertigo (BPPV) is the most common cause of vertigo. BPPV is a vestibular system disease, which is characterized by episodes of vertigo with certain positioning of the head. It is accepted that dislodged otoconia detaching from the utricle macula slide into the semicircular canals and initiate vertiginous symptoms. BPPV can be clinically diagnosed by the provocation of semicircular canals (SCC) and the observation of peripheral nystagmus. Either one of the three SCC can be involved, corresponding to different characteristics of movement that provokes BPPV. The posterior canal is most frequently affected [1, 2] . Etiological factors of BPPV include trauma to the temporal bone, ear surgery, vestibular neuritis, Ménière's disease, migraine, hypertension, prolonged bed rest, upper respiratory tract infections, and long-distance travels. Despite numerous possible etiologies, BPPV is commonly seen as an idiopathic condition [1, 3, 4, 5] .
American football is one of the most popular sports in the US. It is a high-impact collision sport and involves frequent physical contact between opponents [6] . Therefore, American football athletes frequently experience injuries that are mostly head traumas. In the present study, our main objective was to evaluate any association between frequent trauma and posterior channel BPPV. Written informed consent has been obtained from all participants. The physical examination methods and diagnostic tests were explained to all participants. Before undergoing the tests, all participants completed the Vertigo Symptom Scale that represented the effects of vertigo on the activities of daily living based on a scale from 0 to 4 [7] .
MATERIALS and METHODS

Participants
Volunteers were divided into the following two groups: a study group with athletes and a control group. There were 63 male athletes aged between 18 and 30 years in the study group. The control group consisted of 49 male individuals aged between 18 and 27 years, who had no complaints regarding vertigo or dizziness during the evaluation, no clinical history of peripheral and/or central vestibular system disease, and no history of acute and/or chronic trauma. Individuals with peripheral and/or central vestibular system disease, otologic disease, and conductive or sensorineural-type hearing loss were observed in their pure sound audiometric examination. The exclusion criteria included any history of surgery and ages under 18 or over 30 years. All positional tests were performed, and their results were recorded. Dix-Hallpike maneuver was performed using VNG goggles. All individuals were rapidly brought from sitting to a supine position, with the head turned 45° to one side and extended approximately 30° backward. Once supine, the eyes were typically observed for approximately 30 seconds. If no nystagmus was present, the person was brought back to a sitting position. After a 30-second pause, the other side was tested. Dix-Hallpike test was evaluated as positive if brief latency is observed between the onset of nystagmus and change of the head position and manifestation of a paroxysmal upbeat and torsional nystagmus accompanied with a sense of vertigo.
Clinical Analysis
Pure sound audiometric tests were performed for measuring hearing sensitivity. Air and bone conduction thresholds were determined between 125-8000 Hz and 500-4000 Hz sound stimuli, respectively. Pure tone average is calculated at 500, 1000, and 2000 Hz frequencies for each participant.
Statistical Analysis
All data obtained in this study were interpreted using Statistical Package for Social Sciences version 20.0 (IBM Corp.; Armonk, NY, USA) statistical program. Kolmogorov-Smirnov and Shapiro-Wilk tests were used for evaluating normalization. Comparing tests between the groups were completed with Mann-Whitney U, Fisher's exact, and chi-squared tests. Statistical significance of variables in the study was assessed using logistic regression analysis.
RESULTS
The average age was 22.86±0.41 years for the American football athletes and 22.37±0.41 years for the control group. There was no statistically significant difference noted between the control and study groups according to age (p>0.05). Table 1 shows the average age, weekly training hours, and total years of practicing football for each group.
The median score of the Vertigo Symptom Scale was 1.21 out of 4 for the control group and 1.33 out of 4 for the study group.
Results of the audiologic examination showed that pure sound average scores were 12 dB for 8, 8 dB for 27, 7 dB for 30, 5 dB for 22, and 3 dB for 25 of the participants. All participants had type A tympanogram. Results of Romberg, tandem walking, head shaking, and roll tests were negative for all individuals. All VNG results did not indicate any vestibular pathology.
Dix-Hallpike test was negative for all participants in the control group; however, it was positive in 16 out of 63 (25.4%) athletes in the study group. Overall, 9 of the athletes had left posterior canal BPPV, and 7 of them had right posterior canal BPPV. There was a statistically significant difference noted between the two groups (p<0.001).
Logistic regression analysis was used for determining the relationship between BPPV and weekly training hours and total years of practicing. Table 2 and Figure 1 present the results. When Beta scores for variables were examined, training hours and total years of practicing American football showed a positive correlation with BPPV occurrence. According to the calculations of odds ratio, the weekly training hours and total years of practicing American football are defined as risk factors for BPPV.
DISCUSSION
Vertigo is defined as a hallucination of motion, which can be a result of any pathology in the vestibular system [2] . BPPV is a vestibular system disease manifesting as sudden dizziness triggered by certain positions of the head and is accompanied with peripheral nystagmus. Epley et al. [8] reported that BPPV comprises 25% of all vertigo etiologies. Even though BPPV is perceived as an extremely irritating and frightening condition by the patient, it can be effectively cured with simple physical maneuvers or can even spontaneously resolve.
BPPV is triggered by head movements and is mostly idiopathic. However, its etiology includes head and temporal bone traumas, stapedectomy, chronic otitis media surgery, vestibular neuritis, Ménière's disease, migraine, hypertension, long bed rest, upper respiratory tract infections, and long-distance airway or overland travels. In literature, from 8.5% to 20% of all BPPV cases are associated with trauma [9] . Numerous studies have demonstrated that the most common reason for BPPV is motor vehicle accidents (MVA) with a ratio of 63% [10] [11] [12] [13] [14] . According to data from 2012, American football was the most popular sport in the US with 1.1 million high-school students and 70.000 university students practicing it every year. It was followed by the largest amount of audiences worldwide. American football is increasing in popularity in Turkey as well, with numerous universities participating; more than 20 teams and over 1200 athletes participate every year. American football players are known to experience frequent head trauma, which could lead to depression, confusion, and neurological malfunction [15] [16] [17] [18] . In the present study, none of 49 people in the control group showed BPPV, whereas 16 out of 63 participants from the study group consisting of athletes experienced BPPV with posterior canal involvement. Total years of practicing American football and weekly training hours were positively correlated with BPPV. The outcome of the Vertigo Symptom Scale indicated that there was no significant impact on daily life in the study and control groups. The participants expressed that vertigo did not limit their social life and reported no interference with their training or daily activities. Vibert et al. [19] noted that the constant movement of the head is associated with BPPV as a result of their study on mountain bike riders. Similar to the results in our study, Hancı et al. [20] demonstrated that 18% of 97 boxers have BPPV caused by frequent head trauma.
According to a BPPV study on 30 swimmers, 4 of them showed unilateral involvement and 1 showed bilateral canal BPPV [21] . It was hypothesized that turning the head from side to side while swimming provokes otoconia to dislocate and then slide into SCC [21] . Gordon et al. [22] investigated 247 patient records with posterior canal BPPV and emphasized that minor head traumas and short and severe neck and head traumas during MVA cause traumatic BPPV. Patients with a history of MVA were treated with physical therapy, and 57% relapsed intermittently compared with those with idiopathic BPPV (p<0.04) [22] . Suarez et al. [23] assessed the significance of the age and gender of patients with light head trauma. The study on 325 patients with idiopathic BPPV and 51 with traumatic BPPV reported that traumatic BPPV is more common in the young population compared with idiopathic BPPV, presents generally bilaterally, and shows no gender difference unlike idiopathic BPPV [23] .
In the retrospective analysis of 716 traumatic BPPV cases, 23.4% of BPPV cases were claimed to have been caused by trauma [24] . In our study, 16 out of 63 (25.4%) American football athletes showed positive results in Dix-Hallpike test, whereas in the control group, there were no positive test results. Similar to other hypotheses regarding the relationship between trauma and BPPV, we claim that head trauma leads to displacement of otoconia into SCC. As American football players are exposed to head trauma, they experience posterior channel BPPV. Liu et al. [25] outlined that 55% of patients with traumatic BPPV and 6.5% of patients with idiopathic BPPV experience single or double canal BPPV symptoms (p<0.01) following the comparison between 40 patients with traumatic BPPV and 46 patients with idiopathic BPPV. Bilateral SCC affected 25% of the traumatic BPPV cases [25] . Patients with BPPV were treated with a single Epley maneuver; however, 67% of the traumatic BPPV and 12% of the idiopathic BPPV had relapsed at 1 year follow-up (p<0.001) [25] .
Ahn Seong-Ki et al. [26] reported a relationship between traumatic brain injury and BPPV. They described clinical characteristics of BPPV after traumatic brain injury and compared idiopathic BPPV cases between 2003 and 2009 [26] . Kerr et al. [17] stated that treating traumatic BPPV is more challenging and has a higher relapse risk than idiopathic BPPV (p>0.05). Gordon et al. [10] noted that only 2 out of 21 patients with post-traumatic BPPV have horizontal canal involvement. In our study, all of the patients with BPPV showed posterior canal involvement.
CONCLUSION
Numerous studies indicate that BPPV is associated with the practice of certain sports such as boxing, swimming, and mountain bike riding. To the best of our knowledge, a relationship of BPPV with American football has not been studied before our study showed a positive correlation between the two. Previous studies did not examine the relationship between frequency of exercise and BPPV. Our study shows that weekly hours of training and number of years spent practicing are both risk factors for posterior channel BPPV in American football athletes.
The primary limitation of our study is the limited number of athletes who are recruited from only one team in Turkish Universities American Football League. In future research studies, we aim to obtain larger sample sizes for the study and control groups and try to identify the mechanisms that could induce BPPV in the incidents of trauma. 
Ethics
